Patient-reported outcome (PRO) measures serve to capture vital patient information not otherwise obtained by primary study endpoints. This paper examines how PROs are utilized as endpoints in industry-sponsored metastatic breast cancer clinical trials. METHODS: A search was conducted in the clinicaltrials.gov web site for trials involving common treatments for metastatic breast cancer. Thirty-eight clinical trials were identified which included a PRO endpoint in the study, and data were extracted and summarized. RESULTS: Overall, 17 unique PRO questionnaires and 14 concepts of measurement were identified as secondary or exploratory endpoints. The Functional Assessment of Cancer Therapy-Breast was the most frequently utilized questionnaire, commonly implemented to assess quality of life. The EORTC QLQ-C30 was also frequently used to measure quality of life or pain. CONCLUSION: This review shares insights into the role of PROs in trials for metastatic breast cancer from which treatment developers and other stakeholders can enhance successful implementation of the patient voice into future trials.
Introduction
New cases of breast cancer in the United States during 2015 are projected to total 234,190, resulting in 40,730 deaths. About 61% of patients with breast cancer are diagnosed with localized (also known as Stage I) disease, while 32% are diagnosed with regional disease, in which the cancer has spread to regional lymph nodes. 1 From 2005 to 2011, 98.6% of patients diagnosed with localized breast cancer achieved a five-year relative survival, as did 84.9% of patients diagnosed with regional disease. Distant disease (also known as Stage IV breast cancer) involves distant metastases that have spread to other areas of the body (eg, bones, lungs, liver, and brain). Patients diagnosed with Stage IV breast cancer exhibit a higher rate of mortality, with only 25.9% achieving a five-year relative survival between 2005 and 2011. 2, 3 Treatment for patients with advanced disease includes neoadjuvant chemotherapy, surgery, postsurgical radiation therapy, and systemic adjuvant therapy (including hormone therapy for those with hormone receptor-positive breast cancers). 4 Breast cancers that are estrogen receptor positive (ER+) and human epidermal growth factor receptor-2 positive (HER2+) are treated with agents that target these receptors (such as tamoxifen, toremifene, and fulvestrant for ER+ breast cancers and trastuzumab, pertuzumab, and lapatinib for HER2+ breast cancers) in order to slow or stop the growth of cancer cells. 5, 6 ER+ breast cancers can also be treated with aromatase inhibitors, which aim to lower estrogen levels. Breast cancers that are triple negative (ie, negative for estrogen, progesterone, and human epidermal growth factor receptors) are treated with chemotherapy agents (such as anthracyclines, taxanes, and cyclophosphamide), as targeted therapies have not yet proven to be as effective; however, research is still underway. 7 For patients with advanced breast cancer, current standard treatments can extend survival and improve quality of life, but rarely are curative.
Patients with breast cancer experience various symptoms, which can include swelling of all or part of the breast; breast or nipple pain; skin irritation or dimpling; and redness, scaliness, or thickening of nipple or breast skin. Both the symptoms of breast cancer and side effects associated with treatment can have a negative, sometimes debilitating, impact on the quality of life of patients, affecting such things as physical activity, psychological well-being, relationships, and family life. Patient-reported outcome (PRO) measures have been increasingly used in oncology in general, and specifically in advanced/metastatic breast cancer clinical trials, for the purpose of documenting patients' symptoms, treatment side effects, and quality of life, since these are not observable and can only be reported by patients. A PRO is a measurement based on a report that comes directly from a patient (ie, study subject), regarding the patient's health status and experience, without amendment or interpretation by a clinician or anyone else. 8 Despite the increasing use of PROs as a means of gaging overall treatment benefit, these are usually relegated to secondary or exploratory study endpoints in favor of objective measures, such as survival or tumor size reduction. Indeed, PROs capture vital patient information not otherwise obtained by many common primary study endpoints, and as such, PROs play an important complementary role to primary endpoints.
To our knowledge, there has been no review to date of how PROs are being utilized in breast cancer clinical trials. Brim and Pearson 9 documented the percentage of Phase 3 breast cancer clinical trials through 2011 that included PROs and the types of PRO measure used, but their article does not describe how these PROs were implemented and utilized to support primary endpoints. Information related to how PROs are being utilized in breast cancer trials could help drug developers understand and make decisions regarding the implementation of PRO instruments in their own trials. The purpose of this paper is to address this gap by examining how PROs are utilized in industrysponsored metastatic breast cancer trials registered in the clinicaltrials.gov database.
Methods
To ensure a targeted approach when identifying relevant PRO measures, an a priori list of 24 of the most common advanced breast cancer treatments approved by the Food and Drug Administration (FDA) or in development was created. The identified treatments were selected from the major treatment classes for advanced or metastatic breast cancer: hormonal agents for the ER+ patient population, HER2-targeted agents for the HER2+ patient population, and chemotherapy for the triple-negative patient population, as well as new classes of drugs such as cyclin-dependent kinase (CDK) 4/6 inhibitors and phosphoinositide 3-kinase (PI3K) inhibitors. Treatment class determination was, in part, informed by the National Comprehensive Cancer Network Clinical Practice Guidelines. 10 A search was then conducted using the clinicaltrials.gov web site on June 25, 2015, through July 29, 2015. The searches identified Phase 2 or 3 clinical trials of the 24 selected metastatic breast cancer treatments. The following search terms were used for each of three search categories: Condition = metastatic breast cancer, Intervention = [name of breast cancer therapy], and Phase = Phase 2 or Phase 3.
Clinical trials were excluded from analysis if the breast cancer treatment served only as a comparator to an investigational drug outside of the 24 selected, if the trial was withdrawn or terminated prior to completion, if no PRO was included as an endpoint in the trial, or if the trial was being sponsored by an independent Principal Investigator or nonindustry research organization.
Clinical trials identified by our search were reviewed, and the information provided was extracted and summarized, as available (see Table 1 for a listing of all information included in the clinicaltrials.gov web site). The information selected for review from the clinicaltrials.gov web site is shown in Table 2 .
Results
A search of clinicaltrials.gov for the selected treatments yielded a total of 1,634 clinical trials. Upon review, 74 were identified as unique trials for one of the selected treatments and also utilized a PRO endpoint. Subsequently, an additional 36 clinical trials were excluded because they were not pharmaceutical industry sponsored. The remaining 38 clinical trials were reviewed in full, and data were extracted and summarized (see Table 3 ).
No pharmaceutical industry-sponsored studies among the PI3K and histone deacetylase (HDAC) inhibitor treatment classes were found to include a PRO endpoint. Table 4 for a complete listing of PRO questionnaires. PRO questionnaires by treatment class. The most broadly used PRO questionnaires across treatment classes were the FACT-B and the EORTC QLQ-C30 (each used in trials involving four of the five treatment classes identified), followed by the EQ-5D, used in trials involving three of the five treatment classes. Trials involving HER2+ treatments used the FACT-B more frequently (n = 9, 81.8% of trials) than trials involving other treatment classes, while the CDK inhibitor clinical trials tended to favor the EORTC QLQ-C30 (n = 7, 63.6% of trials). However, comparisons of the use of PRO questionnaires among treatment classes are complicated by the disparity between the larger numbers of trials involving ER+ and HER2+ treatments versus other treatments, and more precise conclusions are not possible. See Table 5 for a complete listing of PRO questionnaires used across treatment classes.
PRO questionnaires by clinical trial phase. Among the clinical trials reviewed, there were a total of 14 Phase 2 trials and a total of 24 Phase 3 trials. In the Phase 2 trials, seven PRO questionnaires were identified, while 16 were identified in the Phase 3 trials.
The most frequently identified questionnaire in both Phase 2 and Phase 3 trials was the FACT-B (Phase 2: n = 7, 50.0%; Phase 3: n = 11, 45.8%), followed by the EORTC QLQ-C30 (Phase 2: n = 4, 28.6%; Phase 3: n = 10, 41.7%). All of the questionnaires identified in Phase 2 clinical trials were also identified in the Phase 3 trials, with the exception of the Multidimensional Assessment of Fatigue (MAF). See Table 6 for a list of PRO questionnaires by trial phase.
PRO questionnaires by industry sponsor. When evaluating the frequency of PRO questionnaires by treatment developer, Pfizer, GSK, and Hoffmann-LaRoche were using the FACT-B most frequently (n = 5, 83.3%; n = 4, 80.0%; and n = 4, 57.1%, respectively), and this was the only PRO questionnaire used in the trials sponsored by AstraZeneca (n = 3, 100%). The EORTC QLQ-C30 was the questionnaire most commonly used in trials sponsored by Novartis (n = 5, 100.0%) and Eli Lilly (n = 4, 50.0%). In the single reviewed clinical trial sponsored by Sanofi, a total of six different PRO The clinical trials reviewed represented a total of 10 pharmaceutical companies sponsoring the product development. Of these, four companies each sponsored only one of the reviewed clinical trials, while the remaining six sponsored two or more. See Figure 1 for a complete list of treatment developers.
The reviewed clinical trials represented 21 open-label trials (55.3% of the total number of trials reviewed), 11 doubleblind trials with placebo (28.9%), and 6 double-blind trials with active comparators (15.8%).
PRO endpoint positioning in reviewed trials. Across all clinical trials reviewed, PROs were positioned as secondary endpoints; that is, no PROs were listed as the primary study endpoint. Half of the reviewed trials (n = 19, 50.0%) evaluated change from baseline in a PRO score (one trial further specified baseline as referring to the time of randomization to the maintenance phase). The PRO endpoint designs for the remaining trials were varied; five trials assessed change over time of a PRO score (without reference to baseline or randomization), three trials evaluated time to symptom progression as assessed by a PRO (one trial further specified this as the time from randomization to the first symptom progression as measured by a PRO), and three trials described time to deterioration in PRO-assessed quality-of-life scores. In the latter case, two trials further specified time to deterioration as the time from the date of randomization to the date of at least 10% worsening (relative to baseline) of the scale score (without further improvement above the threshold), or death due to any cause. The remaining eight trials did not specify endpoint design.
PROs in reviewed trials. PRO questionnaires across all trials. A total of 17 unique PROs were identified as secondary endpoints across the 38 Table 3 . search results of clinical trials in Clinicaltrials.gov for selected treatments organized by treatment class. questionnaires were being used; only Eli Lilly, across its eight sponsored trials, used more.
PRO measurement concepts identified in the reviewed clinical trials.
PRO measurement concepts across clinical trials. By far, quality of life was the most commonly reported PRO concept of measurement; it was identified in endpoints among 65.8% (n = 25) of the reviewed clinical trials. In 13 studies, quality of life in general was identified as the concept of measurement, while in others, it was further specified to include assessments of well-being: physical (n = 12), functional (n = 10), emotional (n = 7), and/or social/family (n = 7).
Symptoms were also commonly measured as PRO endpoints, being mentioned in 19 (50.0%) of the clinical trials reviewed. The most frequently assessed symptom concept was pain, assessed in six (15.8%) of the reviewed trials. Some Other measurement concepts described in the PRO endpoints were global or overall health status (n = 8, 21.1%), health-related quality of life (n = 4, 10.5%), and depression (n = 4, 10.5%). Two clinical trials (5.3%) did not specify the PRO measurement concepts assessed. See Figure 2 for the PRO measurement concepts being assessed in the reviewed clinical trials.
PRO measurement concepts by treatment class. The most broadly assessed PRO concept of measurement across treatment classes was symptoms (assessed in clinical trials involving all treatment classes), followed closely by quality of life, which was assessed in clinical trials involving five out of the six treatment classes. Quality of life was the most frequently assessed PRO measurement concept in trials involving HER2+ treatments (n = 11, 100.0% of trials) trials specified symptoms by etiology [cancer related (n = 1, 2.6%) or breast cancer-related (n = 6, 15.8%)] or by dimension [symptom burden (n = 2, 5.3%) or symptom progression (n = 1, 2.6%)]. Other trials indicated specific symptom and triple-negative treatments (n = 6, 85.7% of trials). Only trials involving CDK inhibitors reported toxicity burden as an assessed PRO concept of measurement. See Table 7 for a breakdown of PRO measurement concepts assessed according to treatment class.
Frequency of PRO questionnaire administration in the reviewed trials. The reviewed clinical trials provided information about the frequency of administration for 15 of the 17 identified PRO questionnaires. Overall, most were administered with a frequency ranging from every 3 to 12 weeks. PRO questionnaires that were administered more frequently (daily, weekly, or every two weeks) tended to be those that assessed symptoms, including fatigue, anxiety, or depression. Such PRO questionnaires included the MDASI, HADS, FACIT-F, PSQI, and SPHERE; the one exception was the SF-36, a quality-of-life measure that was administered weekly in one trial. Conversely, PRO questionnaires that were administered less frequently (after 24 weeks or every 56, 124, or 136 weeks) tended to be those that assessed quality of life (EORTC QLQ-C30) or overall health status (EQ-5D and EQ-5D-5L). These results are presented in Table 8 . Note: *Pain, hot flushes, cold sweats, night sweats, lack of energy, headaches, nausea, weight gain, vomiting, diarrhea, feeling bloated, vaginal discharge, vaginal irritation, vaginal bleeding, vaginal dryness, breast tenderness, fatigue, dyspnea, insomnia, appetite loss, constipation, lightheadedness, dizziness, sleeping difficulties, and/or discomfort. Table 7 . Concepts of measurement assessed according to treatment class.
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Discussion
In demonstrating the value of a cancer treatment to regulators, providers, payers, and ultimately to patients themselves, it is often desirable that the treatment not only prolongs survival and inhibits tumor growth but also does so in ways that are not detrimental to patients' quality of life, symptom experience, and overall perceived health status. A PRO can measure such described treatment effects and provide additional support and understanding of treatment value, including the impact of the treatment's efficacy and safety on a patient. Advancements in the treatment of metastatic breast cancer, along with an increased awareness by stakeholders of the value of the patient perspective, have led to an increase in the use of PROs in clinical trials and efforts to understand how PRO questionnaires can best be developed, selected, and implemented to evaluate treatment efficacy and safety. This review across common metastatic breast cancer treatments aimed to describe PRO endpoints in these clinical trials. In addition, it sought to determine whether factors such as treatment class, treatment developer, or clinical trial phase influence how PROs might be utilized. PRO questionnaires and their associated concepts of measurement, when utilized in the trials reviewed, were positioned as secondary or exploratory endpoints, playing supporting roles to more objective measures such as survival and tumorrelated outcomes. Most frequently, the PRO endpoint was measured as the change over time from baseline in a PRO total or subscale score. While there was some variation, the impact concept most frequently measured as an endpoint across treatment classes, developers, and trial phases was quality of life, assessed with the FACT-B (either its total score or the scores of one or more subscales) or the EORTC QLQ-C30; in some trials, quality of life was further defined by specific impacts such as physical functioning. Symptoms (most often pain) assessed by the EORTC QLQ-C30 or the EORTC QLQ-BR23, among others, were also frequently identified in the PRO endpoints.
While not all of the reviewed trials described the frequency with which PRO questionnaires were being administered, it was garnered from the information available that this could be relative to the concepts being assessed. For instance, PRO questionnaires assessing concepts of measurement that tend to change slowly over time (eg, quality of life and overall health status) tended to be less frequently administered than those assessing concepts that may be more variable (eg, symptoms and fatigue).
Whether they aim to assess a patient's global or specific health experiences, PRO questionnaires serve to incorporate the patient perspective into clinical research and practice. PRO questionnaires can be used to measure patients' perceptions of disease-related signs, symptoms, and/or impacts, as well as treatment-related side effects, and the data collected can serve as evidence for the safety and efficacy of new and existing therapies from the patient perspective. In the development of cancer treatments specifically, treatment efficacy may often be similar between products; and therefore, PRO questionnaires may be particularly valuable for measuring and demonstrating differences in perceived treatment-related side effects between products.
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Among the 38 industry-sponsored trials in advanced breast cancer reviewed as part of this research, the FACT-B and EORTC QLQ-C30 were found to be the most frequently utilized PRO questionnaires. The FACT-B may have been the most frequently utilized PRO questionnaire due to the fact that in addition to including questions about the cancer symptom and impact experience more broadly, it also incorporates items specific to breast cancer. Additionally, there is documentation that the FACT-B was developed in line with best measurement practices, 8 in that its content was generated based on expert and patient input, and specifically through qualitative research that included patients with breast cancer. 12 In contrast, the second most frequently used PRO questionnaire in this review, the EORTC QLQ-C30, was not developed through qualitative research with patients. However, as part of its field testing, the lung cancer patients who completed the questionnaire were asked to comment on the clarity and ease of completing the questions, 13 indicating that there is evidence that it was evaluated in terms of whether patients were able to respond meaningfully to the EORTC QLQ-C30. The EORTC QLQ-C30 is a generic cancer measure but has the advantage of being shorter than the FACT-B and likely less burdensome for patients to complete. Both questionnaires assess similar domains, such as physical and emotional functioning as well as disease-and treatment-related symptoms, and use the same recall period (seven days or the past week). In this review, the FACT-B was found to be commonly implemented to assess quality of life, while the EORTC QLQ-C30 was frequently used to measure quality of life or pain.
Thus, although the FACT-B was found to be the most frequently used questionnaire in this review, either PRO questionnaire (the FACT-B or EORTC QQL-C30) may be deemed most suitable by a sponsor depending on the intended context of use. The FDA has recommended to sponsors that they carefully select PRO questionnaires that can be shown as fit for the purpose of their research aims. 8 Specifically, PRO questionnaires selected for use in a trial to support labeling claims should have appropriate documentation of content validity, that is, evidence that the questionnaire captures concepts that are important and relevant to the target patient population and are measured in ways that these patients can understand and meaningfully respond to. If no such documentation exists, it may need to be established by sponsors; alternatively, sponsors are not limited to using existing PRO questionnaires, and a de novo PRO questionnaire can be developed to meet a sponsor's study objectives. Furthermore, this research identified that in most of the reviewed trials, more than one questionnaire was administered, and sponsors may choose to utilize multiple PRO questionnaires to meet different research objectives.
Although some conclusions have been drawn from the study findings, comparisons between treatment classes or treatment developers were limited by the disparities between subcategories. For example, the low frequency of trials reviewed in some treatment classes relative to others makes it difficult to draw meaningful conclusions about differences and similarities. This review was also limited by the information made available in the clinical trial registry; while some treatment developers provided detailed endpoint statements, including the target measurement concepts, PRO measure, and the way in which scores would be evaluated, often the PRO endpoints were lacking one or more of these details.
Finally, this review focused only on industry-sponsored trials, excluding those sponsored by an independent Principal Investigator or nonindustry research organization. It has previously been found that industry-sponsored breast cancer studies typically consist of smaller, single-arm studies that are more likely to focus on advanced disease and also are more likely to publish positive results compared to nonpharmaceutical research.
14 Thus, the lack of comparison between industrysponsored and nonpharmaceutical research is one gap of this review and an important direction for future research to consider. Moreover, these findings relied on a sample of published trials that dated back to 2003 and may or may not be upheld if reevaluated over a decade later.
Conclusion
As industry sponsors, drug trialists, regulators, payers, and other stakeholders turn more attention to the patient perspective, one would expect PROs to increase as complementary measures to traditional endpoints and become an even more critical part of treatment evaluation. This review shares insights into the role of PROs in trials for metastatic breast cancer from which treatment developers and other stakeholders can learn to improve their successful implementation in future trials.
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